Background The objective of this study was to identify risk factors for ongoing community transmission of tuberculosis (TB) in two densely populated urban communities with a high incidence rate of TB in Cape Town, South Africa.
The molecular epidemiology of Mycobacterium tuberculosis is most frequently based on restriction fragment length polymorphism (RFLP) banding patterns generated by Southern hybridization with the probe IS6110. 1, 2 In low tuberculosis (TB) incidence countries, isolates from cases who are identified during outbreaks of TB usually share identical IS6110 banding patterns. These so-called 'DNA fingerprint clusters' are therefore assumed to represent recent or ongoing transmission. Conversely, isolates from elderly patients and immigrant patients usually have unique (non-identical) banding patterns. 2, 3 Such cases are therefore assumed to be attributed to reactivation or transmission outside the study period or area. However, theoretically, cases may also be part of a cluster if they are experiencing disease as a result of reactivation with an endemic strain. Conversely, cases attributable to recent transmission may not be in a cluster if the fingerprint pattern of the infecting strain is endemic but is undergoing evolution, or if the source case is not in the study database.
RFLP patterns have been used to identify risk factors for transmission of TB in low incidence areas. Such risk factors include smear positivity, young age, male gender, homelessness, urban residence, duration of residency, human immunodeficiency virus (HIV) positivity, and belonging to certain nationalities and ethnic groups. [2] [3] [4] [5] [6] [7] Few studies in high TB incidence areas have linked epidemiological and RFLP data. 8, 9 In Africa, RFLP studies have been small (limited to less than 400 patients per study) and only a few have assessed risk factors for clustering. [10] [11] [12] [13] Very few risk factors have typically been found (e.g. older age, 10 treatment failure, 11 and prior imprisonment 12 ) perhaps as a result of small numbers of samples. We have therefore assessed risk factors for transmission in a high incidence urban community, using data from 760 patients.
We analysed data from Ravensmead and Uitsig, which are two adjacent high incidence urban communities in Cape Town, South Africa. Several studies have been published on this area, but none has reported the relationship between RFLP clustering and clinical or demographic parameters. [14] [15] [16] [17] [18] [19] [20] It was assumed that clustering of RFLP patterns reflects ongoing community transmission. We will discuss the validity of this assumption for a high incidence area. Epidemiological confirmation of clustered samples will be of limited value in such a high incidence area, since many contacts leading to infection may be casual. 15, 21 
Methods

Setting
Ravensmead and Uitsig (R/U) have a total population of 38 656 (Statistics South Africa, census 1996), and span an area of 3.4 km 2 . Residents of the area are of low socioeconomic status (average household income Rand 6700 (= US$ 700); unemployment rate 70%)(Statistics South Africa, census 1996). Migrant workers make up a small proportion of the population, although there is a high level of mobility both within the community and to and from neighbouring areas. A relatively low proportion of the population is infected with HIV. HIV seroprevalence in women attending antenatal clinics in the Western Cape Province rose from 1.2% to 5.2% from 1994 to 1998 (Directorate of Health Systems Research and Epidemiology, Western Cape Department of Health, 1999). The study area has an extremely high notified disease rate of TB (761/100 000 per year for all forms of TB; 238/100 000 per year for new smear positive disease).
Study population
All bacteriologically confirmed TB patients were eligible for this study if they reported to the clinics in R/U between 1993 and 1998 and were resident at any time during this period in R/U. Informed consent for use of clinical data was obtained from patients or their parents or guardians. We included patients with Ziehl-Neelsen smear positive and smear negative pulmonary as well as extra-pulmonary TB, and those with and without a history of previous treatment (designated 'retreatment' and 'new' TB cases, respectively). 22 Retreatment cases were further stratified according to their previous episode of TB, namely into (1) relapses (those who were found to have TB after having been successfully treated), (2) treatment failures (those who, while on treatment, remained or became smear positive у5 months after starting treatment) or (3) return to treatment after default (those who interrupted treatment for a minimum of 2 consecutive months). 23 In this study we did not distinguish between drug-resistant and drug-sensitive cases since drug susceptibility testing was not carried out systematically. In 1993 in the Western Cape Province, approximately 3.2% of new patients and 8.6% of retreatment patients were resistant to any drug. The corresponding proportions for multi-drug-resistant TB were 1.1% and 4.0% respectively. 24 In South Africa case detection is passive (patients present themselves with complaints). Before 1996, patients were diagnosed by culture of Mycobacterium tuberculosis and/or chest radiography. WHO/International Union Against Tuberculosis and Lung Disease (IUATLD) directly observed treatment, short course (DOTS) guidelines have been followed since 1996 with case finding being based mainly on sputum smear. However, as part of a research project, an attempt is made to obtain sputum for culture from all suspected TB patients in the research area. The Ethics Committee of Stellenbosch University has approved the project.
M. tuberculosis isolates
DNA fingerprints of mycobacterial isolates of bacteriologically confirmed TB patients were determined by RFLP, in a standardized manner. 1,2 The probe IS6110 was used, and strains harbouring Ͻ5 IS6110 copies were subjected to subtyping with MTB484(1). 18 Results were analysed with Gelcompar software. Isolates with identical fingerprint patterns based on IS6110 and MTB484(1) were assigned to the same cluster and assumed to represent ongoing community transmission. Cases were considered to be experiencing disease attributable to re-infection or dual infection if serial isolates from the same disease episode had different IS6110 patterns and if laboratory error and strain evolution were unlikely. Strain evolution was arbitrarily defined as the occurrence of Ͻ5 band changes (band shifts, addition or loss of a band) in the banding pattern of isolates with Ͼ5 bands. 25, 26 When evolution within a patient was likely (i.e. the evolved pattern had not been previously identified in the community), only the first pattern was used in the analysis. Both isolates from patients with a re-infection or dual infection were used to determine clustering. For simplicity, these two strains from the same patient will be referred to as two cases from this point. Isolates from retreatment patients were included only when there was no isolate from the first episode, or when the case was experiencing re-infection or dual infection.
Clustering
Clustering was calculated using all strains identified between 1993 and 1998. The proportion of cases due to ongoing transmission was estimated allowing one source case per cluster (i.e. n-1 method). 7 In a sub-analysis we presume that the first case detected in a cluster is the source case of the cluster. 3, 4 For that sub-analysis we excluded all cases that occurred during the first study year and clusters that had at least one case observed during the first study year (1993), in order to reduce misclassification of source cases. In the sub-analysis clustered cases were included only if they were diagnosed within 2 years of their source case, in order to ensure a uniform follow-up period after each source case.
We assessed the influence of study period, sampling in space, and random sampling on clustering percentages. 27 The influence of study period was assessed by calculating the above statistics using time windows of 2 consecutive years, i.e. 1993/94, 94/95, 95/96, etc. The effect of sampling in space was assessed by comparing the proportion of clustered cases within the Ravensmead area with that from within the Uitsig area. Random sampling was carried out by taking 20 random samples each of a varying proportion (i.e. 25%, 30%, 35%, etc … 95%) of the cases.
Risk factors
The following risk factors were assessed for clustering: year of diagnosis, age, sex, smear positivity, (re)treatment status, and outcome of treatment. The risk factor 'retreatment patient' represents the outcome of the previous episode. To assess whether treatment outcome was a risk factor for clustering, defaulters (cases whose treatment was interrupted for a minimum of 2 consecutive months), failures, deaths, and transfers were compared with cases who had been successfully treated (i.e. WHO categories cured or treatment completed). All these risk factors were determined by considering isolates from the first disease episode which had a (new) RFLP pattern. Risk factors were analysed (1) for clustering and (2) for being in a large cluster, arbitrarily chosen as у4 cases. In the sub-analysis, risk factors were analysed (3) for clustering, and (4) for being the first diagnosed case in a cluster as compared with being unique. In the latter method the secondary cases (i.e. those who were in a cluster but not the first diagnosed) were excluded from the analysis. All variables that were significant in univariate analysis were entered in a stepwise forward logistic regression model in SPSS, to adjust for confounding.
Results
Study population
During the period 1993-1998, 1526 tuberculosis patients were reported, of whom 1103 were classified as being new cases. In all, 1094/1526 (72%) patients had bacteriologically confirmed (i.e. smear and/or culture positive) disease, of whom 1023 were culture positive. Of these 1023 cases 68% were smear positive. The average annual notification rate of new bacteriologically confirmed TB (culture and/or smear-positive) was 313/100 000, and of new smear positive TB was 238/100 000 (1993-1998). RFLP patterns were available for 768/1023 (75%) culture positive patients, of whom 328 (43%) had at least 2 isolates. As reported elsewhere, laboratory error rate was 3%. 16 After exclusion of samples which were probably involved in laboratory error, 797 cases were identified among 760 patients (Figure 1 ). 16 The majority of patients had pulmonary TB, while 19/760 patients had only extra-pulmonary TB.
Representativeness of included patients
Cases for whom the RFLP pattern of their isolates were known did not differ with respect to sex, smear positivity, patient category, and outcome from those for whom the RFLP patterns of their isolates was not known. In multivariate analysis, RFLP results were significantly less likely to be available from culturepositive patients aged Ͻ15 years (OR = 0.33, 95% CI: 0.18, 
Clustering
Overall 575/797 cases (72%) were clustered into 115 clusters with cluster sizes ranging from 2 to 40 cases. In total, 392 RFLP patterns were identified. Overall, 396/797 (50%) cases were in clusters comprising у4 cases. The proportion of cases attributable to ongoing transmission (allowing one source case per cluster, i.e. n-1 method) is estimated to be (575-115)/797 = 58%. The clustering proportion decreased with decreasing sample size. When extrapolating the increase in clustering with the increase in sampling fraction to all 1023 culture-positive patients, the proportion of cases clustered would be expected to increase to 76%. When we took random samples of 75% of the cases (i.e. 598), this resulted in 68% of cases being clustered (range: 66-69%). The proportion of cases clustered was reduced both by sampling 2-year study periods (range: 55-64%) and by sampling only one of the suburbs (67% in either one of the two).
Risk factors
Clustering was not associated with sex, year of diagnosis, or suburb of residence (Table 1) . Smear-positive cases were more likely to be in clusters than smear-negative cases. Cases who had been retreated after default were more likely to be in a cluster than new cases. Cases whose treatment outcome was unknown because they were transferred were less likely to be in a cluster than cases who were successfully treated. The proportion of cases who were in a cluster seemed to decrease with increasing age, but this decrease was not significant ( 
Sub-analysis
In the sub-analysis where we excluded all cases in the first study year and clusters in which at least one case had onset during the first study year and excluded clustered cases that were diagnosed Ͼ2 years after their source case, 259 cases remained for analysis. Of these, 101 (45%) were clustered in 40 clusters of size 2-5. The only risk factor for being in a cluster that was found with this method was being a retreatment patient after default (OR = 4.10, 95% CI: 1.07, 15.8) . No risk factors were found for being the first case in a cluster.
Discussion
We found that 72% of cases were clustered and 58% attributable to ongoing community transmission. The only risk factors for clustering which were identified in this population were smear positivity and being a retreatment patient after default. Patients from Uitsig were more likely to be in large clusters than patients from Ravensmead. Age, sex, year of diagnosis, and outcome of disease were not risk factors for clustering, irrespective of the analytical approach which was used. No risk factors were found for being the first case in a cluster. The extent of clustering was similar to that observed in South African gold mines, and is higher than that reported from anywhere else to date. 17 Even higher levels of clustering might have been expected, based on a model for an area with a constant annual rate of tuberculosis infection (ARTI) of 3% and European disease risk estimates. 28 The ARI in Ravensmead and Uitsig (3.5% in 1998, B Fourie, N Beyers, unpublished data) is comparable to that used in the model. In such an area almost all cases are predicted to be due to recent infection or recent reinfection and 85% of cases may be clustered. This difference between the expected proportion of clustering and that observed in our study population might be due to a variety of factors including (1) inappropriate assumptions about the disease risks in the model, which might be higher in R/U than those estimated for European settings and (2) sampling and selection of cases, including importation of strains by population movement and infection outside the community, which generally leads to underestimation of clustering, 27,29-31 (3) a faster rate of change of DNA fingerprint patterns than is currently assumed in the model. 25, 26, [32] [33] [34] In the sub-analysis (after excluding all clusters observed during the first study year and limiting duration of follow-up to 2 years), 45% of cases were clustered. This percentage is lower than that calculated in the main analyses, mainly as a result of smaller numbers, but possibly also because the excluded strains were more likely to be endemic. When we consider the unique cases as being potential source cases, it is estimated that at least one of every five source cases (40/198) leads to at least one secondary case within 2 years within the area.
We investigated sampling bias and found that clustering was affected only to a limited extent by selection in time, space, and random selection. However, sub-sampling within the city (only two suburbs were included) may have been important in view of the mobility of its population. However, this cannot be proved with the available data.
Although we studied risk factors using various analytical approaches, no significant demographic risk factors for clustering could be identified, except that cases from Uitsig were more likely to be in large clusters than cases from Ravensmead. This is possibly due to a slightly higher incidence rate in Uitsig where the population was slightly poorer and more crowded than that in Ravensmead. This result confirms the lack of demographic risk factors found in other studies in high incidence areas where results may have been explained by a lower number of isolates. The lack of demographic risk factors may be due to the fact that most non-clustered cases in the study are also due to ongoing community transmission.
Our finding that in a high-incidence urban community smearpositive cases were more likely to be clustered than were smearnegative cases is consistent with findings in low-incidence areas and one high-incidence mining community. 2, 11, 35 The extensive clustering found among retreatment cases who had previously defaulted, as compared with new cases might be due to a correspondingly longer duration of infectiousness. This confirms the observation that such cases may be important sources for continuing transmission in high-prevalence communities, such as the Inuit of North America. 36 The low proportion of clustering found among cases that had transferred might be explained by the fact that they are fairly mobile. However, this finding was not significant in the multivariate analysis.
We found that the proportion of cases who were in a cluster seemed to decrease with age, although this decrease was not significant. A decrease in clustering with increasing age was also found in a rural area in Malawi 10 and in low-incidence areas, 2 but this decrease was not seen in other high-incidence areas, where the estimates were based on smaller numbers of cases. 11, 12, 37 The latter is consistent with model predictions for high-incidence areas where the annual risk of TB infection has not declined over time. 28 It should be noted that the risk factors for clustering in the main analysis were different from risk factors for being clustered or being the first case in a cluster in the sub-analysis. We expected smear-positivity to be a risk factor for being a source case. The absence of this finding may be due to the presence of source cases outside the study area. When a new cluster within the study area has been caused by a smear-positive common source outside the area, then the first case within the study area may be smear negative.
This study has several limitations. First, bacteriological confirmation was only present for 72% of patients, and of these RFLP was available for the isolates of only 75% of culturepositive patients. Random sampling suggests that this reduced the proportion of clustered cases only to a limited extent. Undersampling has a relatively small effect when cluster sizes are large, as they appear to be in this area. 29 Second, HIV seropositivity and drug resistance data were not systematically collected in the present study. The number of HIV infected people in the area is relatively low (1.2-5.2% of women attending antenatal clinics), although the proportion of HIV infected people among TB patients may be higher. Other smaller studies have shown no relationship between clustering and HIV. [10] [11] [12] [13] Drug-resistant cases would be expected to be more likely to be clustered than drug-sensitive cases due to the fact that they have experienced a longer duration of treatment. This was confirmed in some studies, but the opposite was found in others. 11, 38 This study confirms the importance of detection and treatment of smear-positive cases and completion of treatment. Furthermore, it shows that an overwhelming majority of cases in this high-incidence setting is probably due to recent infection or recent re-infection. This may explain the absence of demographic risk factors for clustering. In high-incidence areas, it may be difficult to identify transmission chains.
KEY MESSAGES
• In a high-incidence suburb of Cape Town, South Africa, 72% of cases were clustered and 58% were attributed to ongoing community transmission as opposed to reactivation. These are likely to be underestimates of the true proportions clustered cases and extent of disease attributed to recent transmission.
• Smear positivity and being a retreatment patient after default are risk factors for being involved in ongoing transmission.
• Age, sex, year of diagnosis, and outcome of disease are not risk factors for clustering in this high-incidence area.
• No risk factors were found for being the first case in a cluster.
• The absence of demographic risk factors for clustering may be due to almost all patients having been recently infected or re-infected.
